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Abstract 

Single VT-boson production in e~7 collisions with polarized beams is investi- 
gated. Helicity amplitudes for general couplings are derived and their properties are 
discussed. The results are applied to the Standard Model (SM) and the left-right 
model. In the framework of SM the updated estimates of the measurement precision 
of photon anomalous coupling parameters k^, X^ at the NLC with ^/s^ = SOOGeV 
are obtained. The production of right-handed gauge bosons W^ in these collisions 
is also analysed. 



1 Introduction 

In addition to the electron-positron option, the electron-electron and electron-photon 
collision modes of the Next Linear Collider (NLC) are also technically realizable j^. 
During the recent years the physics potential of the latter options has been under 
intense study. While e~e~ collisions have been found to be particularly suitable 
for the study of possible lepton number violating phenomena 0], the e~7 operation 
mode will also be well motivated from the point of view of new physics. 

So far, the e~7 collisions have been studied using the photon spectrum of classical 
Bremsstrahlung. In the linear collider it will be possible to obtain high luminosity 
photon beams by backscattering intensive laser pulses off the electron beam [Q 
without considerable losses in the beam energy and with very high polarizability 
and monochromaticity 0|. This possibility makes the e~7 collisions well suited for 
testing the Higgs sector of the Standard Model (SM) §, as well as for studying 
super symmetric theories [^. Moreover, the e~7 collision mode would be ideal for 
studying heavy gauge boson production processes 0; §; 0) since the initial state pho- 
ton provides us with a possibility to probe directly the gauge boson self-interactions. 

In this paper we study a single massive vector boson production in e~7 collision, 

e-7 -^ W'N, (1) 

for any combination of beam polarization. Here W~ may stand for the ordinary 
SM charged vector boson W{' and A^ for the massless Dirac electron neutrino Ug. 
However, we do not restrict ourselves only to this case, since a wide class of models 
beyond the SM predicts a existence of new heavy vector bosons and massive neutri- 
nos. For example, in the left-right symmetric theory [^ based on the gauge group 
SU{2)ji X SU{2)l X U{1)b~l the vector boson may also be a heavy right-handed 



weak boson W2- There are two Majorana neutrinos in this model, which, in prin- 
ciple, can be mixed to give one heavy and one light mass eigenstate. The present 



lower limit for the mass of W2 coming from TEVATRON is Mw2 > 652 GeV [11], so 
that the right-handed boson production will be kinematically forbidden in the initial 
phase of NLC, where the e~e~^ center of mass energy is planned to be ^/s^ = 500 
GeV. At the final phase of NLC, however, reaction (|I|) could be kinematically al- 
lowed and favoured compared with, e.g. , the W2 pair production in e~e^ collisions, 
since the mass of heavy Majorana neutrino could be smaller than the mass of W2- 
In the case of a sizeable mixing between the light, predominantly left-handed and 
the heavy, predominantly right-handed Majorana neutrinos the study of process (1) 
may extend the kinematical discovery range of W2 almost up to the energy y/s^. 

There are two Feynman diagrams contributing at the tree level to reaction (|l|) 
(see Fig. 1). One of them, the u-channel diagram, involves a triple gauge boson 
coupling making the process suitable for testing the non-Abelian gauge structure of 
the theory. A particularly interesting feature of process (1) is that it is sensitive 
only to the possible anomalous coupling of the photon, allowing one to discriminate 
between the photon anomalous coupling and the anomalous coupling of massive 
neutral gauge boson Z°. In a gauge theory the total cross section of reaction (|l|) 
approaches a constant value at high energies. Any deviation from the gauge form 
of the triple boson coupling would spoil the good high energy behaviour and lead 
to a violation of unitarity at some energy. At the energies of NLC these deviations 
are expected to be small, which will make their detection difficult. However, using 
polarized initial state particles one can enhance these effects. 

In what follows we shall investigate reaction (|l]) for polarized beams taking into 
account the final state polarization measurements. We shall derive the helicity 
amplitudes assuming a general form of the relevant couplings and discuss their be- 



haviour, particularly at high energies and with anomalous couplings. We shall apply 
the general amplitudes in the case of two sample theories: the SM and the left-right 
model. We shall give an updated estimate for the precision of the anomalous triple 
boson coupling measurement at the first stage of NLC by analysing five different 
observables. We shall also study the discovery potential of the right-handed vector 
boson in the final phase of NLC via reaction (1). 

The paper is organized as follows. In Section 2 we derive the helicity amplitudes 
and discuss the properties of the cross sections. In Section 3 we analyse the sensi- 
tivity of NLC to the triple boson coupling in the framework of the SM. In Section 
4 we study reaction (1) in the case of the left-right model. A summary is given in 
Section 5. 

2 Helicity amplitudes 

In a gauge theory the transverse and longitudinal components of gauge bosons have 
different origins related to the different aspects of theory. The longitudinal compo- 
nents of massive vector bosons exist due to the Higgs mechanism, while the existence 
of the transverse components is dictated by the gauge invariance. Therefore, in order 
to obtain more information about the properties of gauge boson self-interactions, it 
would be useful to investigate reaction (1) by taking into account the polarization 
of particles. For this purpose we derive the helicity amplitudes of the process. 

We do not restrict ourselves to any particular model but define the relevant 
couplings as general as possible. We assume that the charged current interaction is 
of the form 

^" = ^^^^(^ + B^,)eW^^ + h.c, (2) 

where g is a, coupling constant and A and B are parameters which allow us to choose 



an arbitrary vector-axial-vector structure for the interaction. The parameters A and 
B enable us also to incorporate possible mixings of the particles. 

The most general CP-conserving 'yWW interaction allowed by the electromag- 
netic gauge invariance is of the form [112 



where W^^ = {d^—ieA^)W^-~{d^—ieA^)W^ and F^,^ = dfj_A^—d^A^. The coefficients 
K-y and A^ are related to the magnetic moment fiw and the electric quadrupole 
moment Qw of W according to 

g 

^^ ^ 2M ^^ + '^7 + -^7)' 

g 

In a gauge theory at tree level the coefficients have the values k,^ = 1 and A^ = 0. 

In the case of the s-channel diagram we also need the 76" e~ vertex, which is 
assumed to have the same form as in QED. 

In our calculation we have neglected the electron mass. Accordingly, the longitu- 
dinally polarized electrons coincide with their left- and right- handed chirality states 
denoted by A = — | and A = ^, respectively. The electron momentum q is taken 
to be along the z-axis, q^ = (|g|, 0, 0, |g|), and the momentum of the final state W~ 
is given by k^^ = {E]y, \k\ sin^,0, \k\ cos9). We describe the polarized initial state 
photon by the polarization vectors 

^photoniki, r = ±1) = -^(0, r, -z, 0), (4) 

and the polarization states of the final state W~ by the polarization vectors 

e^(A;,r = ±1) = ^(0, -r cos6', z, r sin6'). 



e'(^{k,T = 0) = ^^{\klEwsme,0,Ewcose). (5) 

The spinor un, which describes a neutrino with mass Mjv and momentum p^ = 
{Ej^,p), 'p= —k, is quantized with respect to the positive z-axis. 

Now we write down the hehcity amphtudes of process (1). Using the notation 
given above the hehcity amphtudes can be written as 

Fxy = i ^771 M7v(p, A')T^^Me(g, \)e''photon{ki, r)e'^{k, t'), (6) 

where the tensor T^^, is the sum of the two terms corresponding to the s- and u- 
channel diagrams. The first lower and the first upper indices in F^y describe the 
polarization state of the electron and photon and the second pair describes the 
polarization states of the final state neutrino and H^-boson, respectively. Tensor T^iy 
is of the form 

^ iM + niu 1 ,, {l/-mki-k)\ ^ 

^''~ s u-My^ M^ ^ "^'^ ^' 

where 

f u^ip = ~^kug^p — (1 + K^ — -^fjki^gup -\- [k -\- [k,^ — -^fjkijpQ^u 

+ir^i.k + ki)p{{k-ki)g^y-kM^), (8) 

with —ieVy^p being the '-/WW vertex. 

The amplitudes read as (A = ±| and t,t' = ±1, longitudinal W^s are denoted 
byO): 
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where the factors G,; and G? are defined as: 
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All the amplitudes are proportional to the factor A + 2A-B which makes the 
amplitudes vanish if the polarizations do not match with the chiral structure of the 
charged current interaction. In the amplitudes of type -FJI;^ the fiip of the neutrino 
helicity is controlled by the factor {l — \p\/ [En+Mn))-, which makes these amplitudes 



(9) 
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vanish in the case of a massless neutrino. Because of the annihilation into a massless 
fermion, the s-channel contribution is nonzero only in the case when the electron 
and photon beams are similarly polarized. 

In SM one has pure (V-A) current {i.e. A = —B = 1) and a massless Dirac 
neutrino, which fixes the electron and neutrino polarization states to A = —1/2. If 
we assume a pure gauge model triple boson coupling then the amplitudes -Fji^l 

2 2 

and F^l_\ vanish identically. 

2 2 

In the case of the left-right model there is also a (V+A) current (fixing A = B = 1 
and A = 1/2) in addition to the SM one and a massive Majorana neutrino. Again, 
without anomalous triple boson coupling, two of the helicity amplitudes, F^l'^\ 

+ 2 + 2 

and F^l'^\, vanish. Let us also note that the terms in the helicity amplitudes 

+ 2 2 

proportional to the neutrino mass, i.e. the terms with the coefficients G4, and G^, 
are nonzero only if k,^ and A^ differ from their gauge model values. This implies 
that the effects of the anomalous triple boson coupling are enhanced in the case of 
a massive neutrino compared with the massless case. 

For determining the cross sections from the helicity amplitudes we have assumed 
100% longitudinally polarized electron and linearly polarized photon beams. This 
is, of course, an approximation, since in practice the polarizations will never be ideal 
and one has to employ a density matrix giving the polarization parameters of the 
beams. 

An interesting feature of reaction (1) is that in a gauge theory the total cross 
section for polarized beams is approaching a constant value, 

a^—^, (10) 

at high energies. The only contributions which remain in this limit are the ones 
corresponding to the case where the photon and W are both polarized the same 
way. The other terms decrease very rapidly with energy. For example, in the SM 



both cross sections cr_i_i and cr^i^i approach the hmit (0), which has a numerical 

2 2 2 2 

value about 99pb, while cr^lzi goes with energy as 1/s^ and o'^\_^i as 1/s^. 

2 2 2 2 

This good high energy behaviour will be violated if the triple boson coupling 
differs from its gauge model form. The cross section starts to increase with energy 
which leads to a contradiction with unitarity. At high energies both k^ and A^ terms 

in cr^i^*! grow with energy as logs and in cr'^lzl as s if k^ 7^ 1 and A-y 7^ 0. The A^ 

22 22 



terms in o"_i_i increase also with s, while the cross sections cr_i_i are equal to a 

22 22 

constant, which value depends only on n^. However, these effects would still be quite 
small at the energies of NLC Therefore, it is important to study the sensitivity of 
reaction (1) to the anomalous interaction taking into account the polarization effects. 

3 Anomalous triple boson coupling in the Stan- 
dard Model 

The anomalous triple boson couplings have been theoretically well studied in e^e^ 



collisions [T^, and recently also the beam polarization has been taken into account 



in such studies 131. Also the e e collisions have been found to be useful for this 



purpose IT^ . One disadvantage of these collision processes is that they do not allow 
separate tests of the anomalous photon and Z^ couplings since both •yWW and 
ZWW vertices are involved in the reactions. The e~7 option to be offered by the 
NLC will be an ideal tool for studying the photon anomalous coupling separately. 

In the context of the SM, the process (1) has already been investigated previously 
0, H, [1^, |l^ , and its sensitivity to the photon anomalous coupling has been found 
to be comparable with the estimated sensitivity of the W pair production processes 
[^. In this section we shall update these analysis for a 500 GeV e~^e~ collider, taking 
into account the effects of beam polarization and final state polarization as well as 
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the recent developments in the hnear colhder design. 

The scattering of hnearly polarized laser light off the electron beam produces a 
polarized photon beam with very hard spectrum strongly peaked at the maximum 
energy, which is about 84% of the electron beam energy |Q . The backscattered pho- 
ton beam is slightly cone-shaped, where the hardest photons lie in the center and the 
softer components form the outer layers of the cone. In the e~7 collision the precisely 
collimated electron beam probes only the hardest photons of the 7 beam making 
highly monochromatic collisions technically feasible^. Therefore, we shall carry out 
our analysis for the center of mass energy J's^ = 420 GeV corresponding to the 
peak value of the photon spectrum, assuming that the small nonmonochromaticity 
effects of the photon beam will be treated separately in every particular experiment 
(similarly to the treatment of nonmonochromaticity of the electron beam due to the 
initial state Bremsstrahlung) . The other relevant NLC parameters which we have 
used are the following: 

• integrated luminosity Lint = lOOfb"^, 

• the covering region of a detector | cos^| < 0.95, which is already achieved in 
all LEP experiments, 

• W~ reconstruction efficiency of 0.1. 

The most straightforward and experimentally easiest observable for testing the 
parameters k^ and A^ is the differential cross section. Since in the SM the electron 
beam polarization is fixed by the handedness of the interaction {A = —B = 1), one 
can vary the initial state by choosing different photon beam polarization, ri = ±1. 
In order to minimize statistical and systematic errors it will be profitable to sum over 
the W~ polarization states. Similarly one can study the total cross section cr*°L±i- 
^The author thanks prof. V.Telnov for a clarifying discussion on this matter. 



Since the differential cross sections are strongly peaked in the backward direction 
one would expect that also the forward backward asymmetries 

.FB _ grri=±l(cOs6' > 0) - Crri=±l(cOs6' < 0) 
± ~ ar,=±i{cose > 0) + (T^,=±i(cOS^ < 0) ^ ' 

could be sensitive to the anomalous coupling. The fourth quantity, which reflects 
the effects of the beam polarization, is the polarization asymmetry Apoi defined as 

A I o\ da r^=j^i — da r^=_i 
Apoi{cos6) = - -— . (12) 

We have also studied whether the measurement of the final state W^-boson polariza- 
tion could offer sensitive tests for k^ and A^. The information about the polarization 
of l^-boson can be obtained by measuring the angular distribution of its decay prod- 
ucts. A suitable quantity would be the forward-backward asymmetry of the leptons 
produced in W~ decay, which is related to the cross sections corresponding to the 
different W~ polarization states T2 = ±1 as follows (see e.g. ref.|l^ 



q T2=-l _ T2=+l 

Let us now study numerically the sensitivity of these five quantities for determining 
the values of n^ and A^ in the NLC We have carried out a x^ analysis by comparing 
the SM prediction of the observables with those corresponding to the anomalous k^ 
and A^. All the contours are calculated at 90% confidence level, which corresponds 
to Ax^ = 4.61. The statistical errors are computed assuming the NLC parameters 
given above. The systematic errors are estimated by assuming the uncertainty of 
the cross section measurement to be at the level of ~ 2% 0], coming mainly from 
the errors in the luminosity measurement, the acceptance, the background subtrac- 
tion and the knowledge of branching ratios. For the asymmetries the systematic 
uncertainty corresponding to the luminosity measurement cancels and for them the 
total systematic error of the cross sections is taken to be 1.5%. 
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All the observables are first analysed separately and after this a combined anal- 
ysis is performed. Both forward-backward asymmetries, A^_^^ and x^^; turned out 
to be several times less sensitive to the anomalous coupling than the other three 
observables and therefore we shall not present separate results for them. 

In Fig. 2 we plot the allowed domains of the photon anomalous coupling on 
the (k^, A-y) plane, which are obtained by analysing the polarization asymmetry Apoi 
(contour a) and the total cross sections o"*°L±i (contour b). The combined contour, 
resulting from these two, is denoted by c. As can be seen in Fig. 2, in this small 
region the total cross section is much more sensitive to the parameter k,^ than to A-y. 
This result can be easily understood on the basis of our discussion in the last Section. 
The bulk of the cross section comes from the polarization states ri = r2 = ±1, which 
makes them most sensitive to the anomalous coupling. Since a^^^^l do not depend 
on A^ at high energies, but depend on k,^ at all energies, the sensitivity to A^ is much 
less than to k,^. If the polarization asymmetry alone would allow us to measure k^ 
with the precision \Ak,^/\ = 0.1 and A^ with the precision about |AA^| = 0.02, the 
combined result were much more restrictive, giving an improvement by a factor of 
2 in the A^ measurement and by a factor of 3 in the k,^ measurement. 

The most sensitive observable to the photon anomalous coupling is the differen- 
tial cross section. The contours of allowed regions in (/t^, A^) space obtained from 
its analysis are plotted in Fig. 3. The curves for the different photon polarization 
states Ti = ±1 are indicated in the figure. The contour resulting from the combined 
analysis is denoted by a. As can be seen from Fig. 3 the most stringent constraints 
for the anomalous coupling are obtained in the case of left-handedly polarized elec- 
tron and right-handedly polarized photon beams. This is an expected result, since 
the s-channel diagram in Fig. 1 does not contribute in this case and the entire cross 
section comes from the u-channel diagram, which probes the triple boson coupling. 
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The resultant allowed domain for k^ and A^ obtained by combining the mea- 
surements of all five observables we have considered is denoted by b in Fig. 3. As 
compared with contour a the improvement achieved by performing the combined 
analysis of all observables is small, implying that the main constraints come from 
the measurements of the differential cross sections. 

Summarizing, we have found out that by studying reaction (1) in the NLC with 
the assumed set of parameters, one could constrain the anomalous triple boson 
coupling parameters k,^ and A^ to the following regions: 

-0.008 <l- K^< 0.009, 



-0.01 < A^ < 0.005. 



Comparison with the recent analysis |T3[ of the W~ pair production in e~e^ collisions 
with polarized beams indicates that the sensitivity of a y/s = 500 GeV electron- 
positron collider to k^ is similar to the sensitivity of a ^ys^ = 420 GeV electron- 
photon collider (the results are complementary). The limits for parameter A^ would 
in contrast be more stringent in e~7 than in e~e~^ collisions. Let us emphasize 
again, that the bounds from process (1) are independent of the parameters of ZWW 
coupling, probing the anomalous coupling of the photon only. 

4 Single heavy vector boson production in left- 
right model 

In this section we shall study a discovery potential of the final phase of NLC con- 
sidering process (1) in the framework of the left-right model. The gauge boson in 
the reaction e]j7 — > W^N is a heavy right-handed gauge boson of the model, while 
the neutrino could be either a heavy right-handed neutrino or, in the case of a large 
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neutrino mixing angle, the ordinary light neutrino v. However, the last possibility 
could still be very much suppressed. 

In the left-right symmetric model there is a right-handed triplet Higgs field 
(A--, A", A°), which breaks the SU{2)r x SU{2)l x U{1)b^l symmetry down to 
the SM symmetry. The neutral member of the triplet obtains a vacuum expectation 
value V which is responsible for giving masses to the right-handed gauge bosons and 
heavy Majorana neutrinos. The mass relations are the following: M^^ = gv/ \/2 
and Mtv = 2/it>, where g is the gauge coupling constant of SU{2)r (we assume it 
to be equal to the SM gauge coupling g) and h is an unknown Yukawa coupling 
constant. 

The general helicity amplitudes given in eq. (H) are applicable in this particular 
model if we set A = i? = 1, i.e. , assume purely right-handed interaction. Then the 
electron beam should also be right-handedly polarized. Parameters k^ and A^ are 
assumed to have their gauge model value if not stated otherwise. In order to see the 
relative importance of different polarization states we present in Fig. 4 the angular 
distributions of the differential cross sections for all combinations of polarizations. 
In Fig. 4 (I) we plot the differential cross sections for the left-handedly polarized 
photon beam assuming the collision energy ^Js^ =1.5 TeV, the gauge boson mass 
Mw2 = 700 GeV and the neutrino mass Mn = 300 GeV. In Fig. 4 (II) we plot 
the same for the right-handedly polarized photon beam. As the figures show, the 
final states with a left-handed neutrino are clearly suppressed. The main part of the 
cross section is again coming from the case where the photon and W~ are polarized 
in the same way. The other polarization combinations are somewhat suppressed 
for the right-handedly polarized photon beam. While in the SM all differential 
cross sections are peaked in the backward direction, in this case the distributions 
are more flat for many polarization states providing better possibilities for detecting 
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the anomalous photon couphng. 

The mass dependence of the total cross section of the process e^7 -^ W2N 
can be seen in Fig. 5, where we plot the cross section as a function of W2 mass 
for the center of mass energy y^Vy = 1-5 TeV assuming the left- (Fig. 5 (I)) and 
right-handedly (Fig. 5 (II)) polarized photon beams. The curves denoted by a 
and b correspond to the neutrino masses Mm = 300 GeV and M^ = 600 GeV, 
respectively. The cross sections are found to be reasonably large for almost the 
entire kinematically allowed mass region, decreasing faster with Myy^ for the ti = 1 
photons. At low W2 masses the difference between a and b curve is small but 
for heavy W2 masses the cross section depends strongly on the neutrino mass. If 
Mn < Mw2, reaction (1) enables us to study heavier vector bosons than what is 
possible in the W2 pair production in e~e'^ or e~e~ collisions. The reaction would 
be even more useful in this respect if the mixing between the heavy and the light 
neutrino is large enough to give observable effects. In Fig. 6 we plot the cross section 
of the reaction e^7 — ^ 14^2"^ fo^ different photon polarizations assuming a vanishing 
mass of u and the neutrino mixing angle of sin 6^ = 0.05. For this set of parameters 
the process should be observable up to W^-boson mass Myy = 1.2 TeV. 

In order to study how sensitive the single heavy vector boson production process 
(1) is to the photon anomalous coupling in the left-right model we have carried 
out the x^ analysis of the differential cross section. The contours of the allowed 
regions at 90% C.L. in (/t^, A-y) space are plotted in Fig. 7 assuming the collision 
energy y/s^ = l.STeV, the boson mass Mw2 = 700 GeV and the NLC parameters 
given in Section 3. The resulting curve for the neutrino mass Mj^ = 300 GeV 
assuming unpolarized beams as well as the contours obtained for the right-handedly 
polarized electron and ri = ±1 polarized photon beams are indicated in the figure. 
The combined result obtained from the measurements with polarized initial states 
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is denoted by a. As one can see, the improvement in the sensitivity compared with 
the case of unpolarized beams is essential. 

To study how the sensitivity to the anomalous coupling depends on the neutrino 
mass we have repeated the analysis for the neutrino mass Mj:q = 600 GeV (contour 
b in Fig. 7). Despite of the smaller cross section the sensitivity has not decreased 
significantly. This is a consequence of the G4 terms in helicity amplitudes (|^) which 
are proportional to the neutrino mass and nonzero only in the presence of anomalous 
triple boson coupling. 

5 Summary 

The Next Linear Collider will provide us with the possibility to study nearly monochro- 
matic high energy e~7 collisions with any combination of polarizations. This option 
is particularly suitable for studying the massive gauge boson production, since the 
initial state photon probes directly the gauge boson self-interactions vertex 'yWW. 
We have derived the helicity amplitudes of the reaction e~7 -^ W~N assuming 
arbitrary particle masses and a general form of the interactions involved. We have 
used the general helicity amplitudes to analyse two theories: the Standard Model 
and the left-right symmetric model. 

In the case of the Standard Model our numerical results concern the sensitivity 
of the first phase of NLC (y^s^ = 500 GeV) to the parameters of anomalous photon 
coupling K-y and A-^, taking into account the polarization of the particles. We have 
performed a combined x^ analysis of five observables, according to which the NLC 
will be able to constrain the anomalous coupling parameters at 90% C.L. to the 
region -0.008 < I - k^ < 0.009, -0.01 < A^ < 0.005. 

The left-right symmetric model serves as a sample theory for studying the po- 
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tential of the final phase of NLC to discover a new heavy right-handed W^2- The 
cross section of the reaction is found to be large and, since there is just one W2 in 
the final state, the study of this process could significantly extend the kinematic re- 
gion covered by the W^-boson pair production. The effects of the photon anomalous 
coupling are found to be bigger for the higher neutrino masses, compensating the 
effects of smaller cross section in testing the gauge boson self-coupling parameters. 
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Rahasto and Viro Saatio for grants. 
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Figure 1: Feynman diagrams for the process e 7 — )• VF N. 
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Figure 2: The allowed regions of the photon anomalous coupling parameters 
K-yjA-y for the collision energy ^^/s = 420GeV in the framework of SM. The 
contours, obtained by analysing the polarization asymmetry and the total 
cross section, are denoted by a and 6, respectively. The combined result of 
these two is denoted by c. 
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Figure 3: The allowed domains of the photon anomalous coupling parameters 
K-yjA-y obtained by analysing the SM differential cross sections of different 
photon polarization states (as indicated on figure). The curve of combined 
analysis of the differential cross sections is denoted by a and the contour, 
resulting from the combined analysis of all five observables, is denoted by h. 
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Figure 4: The angular distributions of differential cross sections of various 
NW^ polarization states for the left- (figure (I)) and right-handedly (figure 
(II)) polarized photon beams in the case of left-right model. The collision 
energy is taken to be y/Sgy = 1.5TeV, the mass of right handed vector boson 
Mw = TOOGeV and the mass of heavy neutrino Mj^ = 300GeV. The num- 
ber pairs in figure denote the helicity states of neutrino and gauge boson, 
respectively. 
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Figure 5: The total cross section of the process e^-j — )• W^ N as a function of 
heavy gauge boson mass for the left- (figure (I)) and right-handedly (figure 
(II)) polarized photon beams. The collision energy is taken to be y/s^ = 
1.5TeV, the mass of right handed vector boson Mw = TOOGeV and the mass 
of heavy neutrino Mj^ = 300GeV and Mj^ = GOOGeV for curves a and 6, 
respectively. 
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Figure 6: The total cross section of the process e^^ — )• W2 z/ as a function 
of heavy gauge boson mass for the left- and right-handedly polarized photon 



beams. The collision energy is taken to be -/s 



right handed vector boson Mw 
sine = 0.05. 



1.5TeV, the mass of 



TOOGeV and the neutrino mixing angle 
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Figure 7: The allowed domains of the photon anomalous coupling parameters 
K-yjA-y for the collision energy y/s^ = 1.5TeV, the mass of right handed 
vector boson Mw = TOOGeV and the mass of heavy neutrino Mn = 300GeV, 
obtained from the analysis of differential cross section. The contours for 
unpolarized beams as well as for the right handed electron and differently 
polarized photon beams are indicated in the figure. The combined curve for 
the polarized beams is denoted by a, while the combined result in the case 
of heavy neutrino mass Mn = 600 GeV is denoted by b. 
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